Two proteinases have been purified from mycelial extracts of Aspergillus nidulans. Both enzymes have pH optima between 6.5 and 7.5 and are inhibited by phenylmethane sulphonyl fluoride and by di-isopropyl fluorophosphate. The molecular weights and isoelectric points of proteinase I and proteinase I1 are 30900 and 30000, and 4.6 and 4.3, respectively. Both enzymes have a similar range of substrate specificities. The principal differences in their properties are that proteinase I is sensitive to inhibition by 1 m M mercurials whereas proteinase I1 is not appreciably inhibited at this concentration, and that proteinase I is much more sensitive to denaturation by urea, guanidine hydrochloride and sodium dodecyl sulphate.
I N T R O D U C T I O N
Many species of fungi have a multiplicity of intracellular proteinases. The majority of these have low specificities with regard to the proteins which they degrade. A number of possible functions have been suggested for them, e.g. regulation of the turnover of intracellular proteins, post-translational processing, activation of proenzymes such as chitin synthase, inactivation of specific enzymes and degradation of extracellular protein as a source of nutrient (see North, 1982) . The precise function of most individual proteinases is still unknown.
The intracellular fungal proteinases which have been most thoroughly investigated from a biochemical standpoint are those from Saccharomyces cerevisiae (Meussdoerffer et a/. , 1980 ; Kominami et al., 198 1 ) , Neurospora crassa (Kula et al., 1979) and Phycomyces blakesleeanus (Fischer & Thomson, 1979) . Each of these organisms possesses neutral and alkaline proteinases of the 'serine' type and also acid proteinases having pH optima about 3. Another common feature of the proteinases from these fungi is that when crude mycelial extracts are prepared, the proteinase activities in the extracts increase on storage. This is due to the presence in the extracts of macromolecular inhibitors which gradually become digested by the proteinases. In S. cerevisiae it has been shown that the proteinases are present in the vacuoles whereas the inhibitors are present in the cytosol fraction (Bunning & Holzer, 1979; Fischer & Holzer, 1980) . The role of the inhibitors may be to regulate proteinase activity, or to protect proteins present in the cytosol from degradation should the vacuoles leak. The same may be true in other fungi.
In a previous paper (Ansari & Stevens, 1983) we described a similar activation phenomenon in Aspergillus niduians which also was due to the presence of a macromolecular inhibitor. During the activation process there is a change in the proportions of the three proteinases detected. We report here the purification of two of these proteinases together with a study of their properties.
METHODS
Organism and growth conditions. Aspergillus nidulans B W B 272, a protrophic recombinant strain obtained from the following cross between Glasgow strains (Pontecorvo et al., 1953) : biA'; argB'; wA+ x yA?; methA'; phenA', was maintained on malt agar and grown in submerged culture as described previously (Stevens et al., 1976) . Mycelia from cultures grown for 24 h at 37 "C were harvested by filtration.
Purifjcation ofproteinases Zand ZZ. Mycelial pellets (100 g wet wt) were ground with 50 g acid-washed sand in a mortar and then mixed with 500 ml 10 mM-potassium phosphate/O.l mM-EDTA/O-Ol% (v/v) Triton X-100,
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pH 7.2. The suspension was centrifuged at 27000g for 30 rnin and the Supernatant (referred to as the 'crude extract') was used for enzyme purification. The supernatant was first adjusted to 40% saturation by addition of solid ammonium sulphate and the precipitate was removed by centrifugation. This supernatant was then adjusted to 90% saturation by a further addition of ammonium sulphate and the precipitate containing the proteinase activity after centrifugation was dissolved in 10 ml potassium phosphate/O-1 mM-EDTA, pH 7.0 and used for further purification. The extract was heated in a water bath for 5 rnin at 60 "C and, after cooling, the denatured protein was removed by centrifugation. The extract was stored overnight at -12 "C and then thawed and any further precipitate formed was removed by centrifugation.
The supernatant was passed down a Sephadex G-75 column (100 cm length, 2.5 cm diameter) and eluted with 10 mM-potassium phosphate/O-l mM-EDTA, pH 7.0. The proteinase activity emerged between 200-250 ml, i.e. 100-150 ml beyond the void volume. The 50 ml eluate containing proteinase activity was then passed down a DEAE-cellulose column (7.5 cm length, 2.5 cm diameter) which had been previously equilibrated with 10 mMpotassium phosphate buffer, pH 7.0. The' column was washed with 50 ml 10 mM-potassium phosphate buffer, pH 7.0 and the bound protein was then eluted stepwise using the following sequence of buffers: 20 ml 0-1 MNaC1/10 mM-potassium phosphate, pH 7-0; 20 mlO.2 M-NaC1/10 m-potassium phosphate, pH 7.0; 20 mlO.3 MNaCl/10 mM-potassium phosphate, pH 7.0; 20 ml 0.4 M-NaCl/lO mM-pOtaSSiUm phosphate, pH 7.0. Proteinase activities emerged in the eluates containing 0.2 M and 0.4 M-NaC1. These two fractions which contained proteinase I and proteinase 11, respectively, were both dialysed for 20 h against two changes of 21 10mhl-potassium phosphate/O. 1 mM-EDTA/lO m~-2-mercaptoethanol, pH 7.0.
The fraction containing proteinase I was then further purified by passing it down a DEAE-cellulose column (3 cm length, 2.5 cm diameter) equilibrated with 10 mM-potassium phosphate, pH 7.0. The column was washed with 50 ml 10 mM-potaSSiUm phosphate, pH 7-0 followed by 10 ml 0.12 M-NaC1, 10 ml 0-122 M-NaCI, 10 ml 0.123 M-NaC1 and 10 ml 0.124 M-NaCl each containing 10 mw-potassium phosphate, pH 7.0. The bulk of the proteinase I emerged in the fraction containing 0-122 M-NaCl.
Proteinase I1 obtained from the first DEAE-cellulose column was further purified by adsorption of contaminating proteins on calcium phosphate gel. A suspension of calcium phosphate (3.3 mg in 1 ml), prepared as described by Dixon et ai. (1979) was mixed with about 20ml of the second proteinase-containing fraction obtained from the first DEAE-cellulose column, and then centrifuged. The supernatant contained purified proteinase 11.
Proteinase assays using protein substrates. To detect and assay proteinases during enzyme purification hide powder azure was used and the assays were performed as described previously (Ansari & Stevens, 1983 ; Stevens et a f . , 1981). Substrate specificity was tested by using the following proteins: hide powder azure (Calbiochem), azocoll, azocasein, azoalbumin (Sigma), casein, bovine serum albumin and ovalbumin. A portion (1 ml) of Azocoll (20 mg ml-' ), azocasein (2.5 mg ml-I) or azoalbumin (2.5 mg ml-I) in 0-05 M-sodium phosphate buffer, pH 7-5 was incubated with 0.04 ml of enzyme extract for 30 min at 45 "C. The reaction was stopped by addition of 0.04 ml 50% (w/v) TCA. After centrifugation the absorbance was measured at 520 nm (azocoll) and 440 nm (azocasein and azoalbumin).
Solutions of either casein, ovalbumin or bovine serum albumin (0-5 ml, 1 %) were mixed with 0.05 M-sodium phosphate buffer, pH 7.5 and 0.04 ml of enzyme extract and then incubated at 45 "C for 1 h. The reactions were stopped with 1 ml12% (w/v) TCA and after centrifugation the A**,, of the supernatants was measured. One unit of proteinase activity, measured using any of the protein substrates, was defined as the activity that released one absorbance unit in a 1 cm light path at the measured wavelength per 60 rnin incubation at 45 "C.
Milk clotting activity. Milk clotting activity was measured as described by Siepen et al. (1975) except that 0.1 Mphosphate buffer was replaced by 0.05 M-Tris/maleate buffer, pH 6.5. One unit of activity is defined as that amount of enzyme which causes an increase of 0.5 in absorbance at 580 nm per min at 45 "C. Peptidase activity using p-nitroanilide substrates. For these assays the p-nitroanilides were dissolved in dimethylsulphoxide at the following concentrations:
16 ml sample of each substrate solution was mixed with 0-5 ml0-05 M-sodium phosphate buffer, pH 7.2 and 0.1 ml enzyme extract and incubated for 1 h at 37 "C. The reactions were stopped by the addition of 0.5 ml 1 M-Na2Co3 and the p-nitroaniline formed measured at 420 nm. One unit of activity is defined as the amount of enzyme which releases 1 nmol p-nitroaniline per min at 37 "C.
Carboxypeptidase assays. The assays were based on the method described by Ichishima (1972) 
using carbobenzoxy peptides (CBZ-peptides). The substrates (CBZ
were dissolved in a small volume of dimethyl sulphoxide (less than 5 % of their final volume) and made up to a final concentration of 1 mM using either 0.05 M-sodium acetate buffer, pH 3.6 or 0.05 M-sodium phosphate buffer, pH 7.5. A 0.5 ml sample of substrate solution was incubated with 0.5 ml enzyme extract at 30 "C for 20 min. The reaction was stopped by addition of 0.2 ml 0.3 M-NaOH. After incubation for a further 30 min 0-2 ml 2.5% acetic acid, 2 ml 0.05 M-sodium citrate, pH 5.0 and 1 ml of ninhydrin solution (2%, w/v, in methyl cellosolve) were added and the mixture heated at 100 "C for 15 min to develop the colour (Cocking & Yemm, 1954) which was measured at 570 nm.
Esterase assays. Esterase activity was measured using the following substrates: p-nitrophenyl acetate, N-acetyl-L-tyrosine ethyl ester and benzoyl-L-arginine ethyl ester. Assays using p-nitrophenyl acetate were carried out as follows: 0.05 ml of 10 mM-p-nitrophenyl acetate in isopropanol was mixed with 0-5 ml0-2 M-MOPS, pH 7.5 and then 0.5 ml enzyme extract was added and the change in A,,, continuously monitored at 20 "C. Since the substrate was hydrolysed slowly in water at pH 7.5 in the absence of enzyme, the non-enzymic rate must be measured and subtracted from the enzyme catalysed rate. Esterase assays using N-acetyl-L-tyrosine ethyl ester and benzoyl-Larginine ethyl ester were as described by Jusic et al. (1976) .
The incubation mixture was as follows : 0.1 5 M-sodium pyrophosphate, 0.23 M-semicarbazide, 0.06 M-glycine, 1 mg NAD, 0.3 mg alcohol dehydrogenase, either 0.02 ml acetyltyrosine ethyl ester or benzoylarginine ethyl ester (200 mg ml-1 in dimethyl sulphoxide) and 0-06 ml proteinase all in a final volume of 1.5 ml, pH 8.0.
Electrophoresis and molecular weight determination. PAGE in the absence of SDS was carried out as described previously (Ansari & Stevens, 1981 , 1983 . Azocasein was incorporated into the gels used for detection of proteinases. Isoelectric focusing was performed using an LKB 21 17 Multiphore analytical isoelectric focusing unit. Ampholytes giving a pH gradient from 3 to 9.5 and from 3.5 to 5.2 were used. Gels were fixed in 3.5% salicylic acid/l1-5% TCA for 1 h, washed in ethanol/acetic acid/water (25 : 8 : 67) and then stained with Coomassie Brilliant Blue G-250 for 10 min at 60 "C to detect proteins. Duplicate gels were soaked in azocasein solution (10 mg ml-l) in 0.05 M-Tris-maleate buffer, pH 6.5) for 3 h at 37 "C and then stained with Coomassie Brilliant Blue G-250 to detect proteinase activity.
Molecular weight determinations were carried out using SDS-PAGE (Weber et al., 1972) and by gel filtration using a Sephadex G-75 column, 100 cm long and 2.5 cm diameter (Andrews, 1965) .
Protein estimation. Protein estimations were carried out by measurement of the change in absorption spectra when proteins bind Coomassie Brilliant Blue G-250 (Sedmak & Grossberg, 1977) .
Inhibitors of proteinase activity. The following stock solutions of the proteinase inhibitors were prepared : phenylmethane sulphonyl fluoride (PMSF), 10 mM was dissolved in dimethyl sulphoxide : di-isopropylfluorophosphate (DFP), 50 mM in isopropanol; Trasylol (Bayer A.G., Elbersfeld, Germany), 10000 K.I.U. (Kassell, 1970) ml-I in water. The remainder of the inhibitors were dissolved in 0-05 M-Tris/maleate buffer, pH 6.5: these were 0-66 M-benzamidine, 0-66 M-p-aminobenzamidine, 0.1 % antipain (Protein Research Foundation, Osaka, Japan),
1 -tosylamide-2-phenylethylchloromethyl ketone (TPCK), 10 mM-HgC12, 10 mM-phenylmercuriacetate, 2 mM-p-aminophenylmercuriacetate, trypsin soya bean inhibitor (25 mg ml-I) (Sigma) and ovomucoid (25 mg ml-l) (Sigma). A 0.01 ml sample of each inhibitor (either stock solution or a further dilution) was mixed with 0.1 ml of enzyme extract, preincubated under the conditions given in Results and then assayed for the proteinase activity remaining using hide powder azure.
Denaturation/renaturation experiments. Proteinase I or proteinase I1 (0.5-1 .O units) was mixed with 2 vol. of either 6 M-urea/O.Ol M-potassium phosphate/O.l mM-EDTA, pH 7.0 or 6 M-guanidine hydrochloride/O.Ol Mpotassium phosphate/O+l mM-EDTA, pH 7.0 and incubated at 18 "C for 1 h. Portions of the enzyme were assayed in the presence of 4 M-urea or 4 M-guanidine hydrochloride and then the remainder of the samples were dialysed against 2 x 6000 vol. 0.01 M-potassium phosphate/O.l mM-EDTA, pH 7.0, for 15 h to remove the denaturant and then assayed for activity. Denaturation was also tested by addition of SDS to the purified enzyme to give a final concentration of 2% (w/v). After incubation for 1 h at 18 "C the enzymes were assayed using hide powder azure.
R E S U L T S

Enzyme puriJication
A number of different methods were tested for purification of neutral proteinases from A . nidulans including a variety of ion exchange chromatographic methods, preparative PAGE, ethanol and acetone fractionation and affinity chromatography. The procedures finally adopted are shown in Table 1 . The two proteinases were separated on a DEAE-cellulose column and then purified further on a second DEAE-cellulose column and on calcium phosphate gel. Although the specific activity was not increased after treatment with calcium phosphate gel it did remove some minor contaminating protein bands which were apparent on PAGE of the extract from the penultimate step.
It will be seen that the overall yield of both proteinases appeared very high, but this was because the initial extract contained a proteinase inhibitor (Ansari & Stevens, 1983 Duplicate samples of both proteinases I and I1 were separated on polyacrylamide gels as described in Methods. One gel was stained for protein using Coomassie blue (---) and the second was cut into 2 mm slices and assayed for proteinase using hide powder azure (-). 0.01 mM, 10 min, 18 "C 0.1 mM, 10 min, 18 "C 1.0 mM, 10 min, 18 "C 0.1 m M , 1 h, 37°C 1*0mM, 1 h, 37°C 10 mM, 1 h, 37 "C 6 6 m~, 1 h, 18°C 66 mM, I h, 18 "C 100 K.I.U., 1 h, 18°C 0.1 mgml-I, 1 h, 18 "C l.OmM, 1 h, 18°C 1.0mM, I h, 18°C 1*0mM, 1 h, 18°C 1.0 mM, 1 h, 18 " c 1*0mM, 1 h, 18°C 2.5 mg ml-', 1 h, 37 "C 2.5 mg ml-l, 1 h, 37 "C lost by the end of the heat treatment stage of purification. Although there appeared to be loss of activity at the ammonium sulphate fractionation stage, much of that could be regained by dialysis of the proteinase-containing fraction precipitated by ammonium sulphate.
When the purified proteinases were run on PAGE it could be seen that proteinase I1 appeared as a single band but proteinase I had a small shoulder on the protein peak (Fig. 1) . The molecular weights of both proteinases determined by SDS-PAGE and by gel filtration on Sephadex G-75 were found to be 30900 & 2900 for proteinase I and 30000
Isoelectric focusing was carried out initially using broad range ampholytes (pH 3 to 9.5) and subsequently using ampholytes giving a range of pH 3.5 to 5.2. The isoelectric points of proteinases I and I1 were found to be 4.6 and 4.3, respectively.
The pH optima of the two proteinases were determined in Tris/maleate buffer, potassium Table 5 . Eflect of denaturing agents on the activities of proteinases I and 11
Purified proteinases I and I1 (5-15 units ml-l) were incubated for 1 h with either urea, guanidine hydrochloride or SDS and then assayed for activity as described in Methods. In the case of urea and guanidine hydrochloride the enzyme samples were dialysed to test whether denaturation could be reversed.
Relative activity ("A) phosphate buffer and in PIPES buffer. Both showed broad optima between pH values 6.5 and 7.5. Both enzymes were stable up to about 45 "C when preincubated for 10 min but rapidly lost activity at higher temperatures.
Substrate specificity of proteinases I and 11
The substrate specificities of proteinases I and I1 were first tested using a variety of protein substrates (Table 2) . Both proteinases showed similar specificities towards the range of proteins tested, although proteinase I showed greater activity against casein, ovalbumin and bovine serum albumin. Proteinase I also showed greater milk clotting activity, which is a measure of ability to cleave a specific peptide bond thereby causing casein to precipitate. Casein was also more readily degraded further by proteinase I.
The specificities of the proteinases were also examined using several p-nitroanilides, CBZdipeptides and esterase substrates. Activities were also examined in crude extracts to see whether other hydrolytic activities were being removed during purification. The activities of chymotrypsin and trypsin in some cases were measured for comparison (Table 3) . Neither proteinase I nor proteinase I1 showed any detectable peptidase or carboxypeptidase activity although both showed some esterase activity. It is also interesting that the crude extract contained peptidase activity, which was presumably separated from the proteinases during purification.
Neutral proteinases from Aspergillus nidulans
Efects of inhibitors on proteinases I and II The pattern of proteinase inhibition can indicate proteinase type. Proteinases I and I1 were preincubated with a variety of inhibitors and then assayed for activity remaining (Table 4) . Both enzymes showed the properties of serine proteinases, namely inhibition by PMSF and DFP. PMSF is also known to inhibit certain thiol proteinases; however when this is the case inhibition can be reversed by 2-mercaptoethanol or dithiothreitol. PMSF inhibition of proteinases I and I1 could not be reversed by 2-mercaptoethanol. Neither enzyme was very sensitive to inhibition by either benzamidine orp-aminobenzamidine. The principal difference between proteinases I and I1 revealed by the: inhibitor studies was that proteinase I was much more sensitive to mercurials, being almost completely inhibited by 1.0 mM-HgCl,, phenylmercuriacetate or p-aminophenylmercuriacetate. This inhibition could be reversed by either 2-mercaptoethanol, dithiothreitol or cysteine. Proteinase I was not appreciably inhibited by 1 mM-N-ethylmaleimide.
The effect of addition of the following metal ions at 1 mM concentration was tested : Mn*+, Zn2+, Ni2+, Cu2+, Sn2+, Co2+, Fe2+, Fe3+, A13+, Ag+. Neither proteinase I or I1 was significantly affected. EDTA or o-phenanthroline at 10 mM did not affect the activities of either proteinase.
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Denaturation and renaturation of proteinases I and II The effects of the denaturing agents, urea, guanidine hydrochloride and SDS were tested on the purified enzymes (Table 5 ). There was a marked difference in the behaviour of the two proteinases. Proteinase I was inhibited by all three denaturing agents and only a small percentage of the initial activity could be recovered after dialysis to remove urea or guanidine hydrochloride. In contrast proteinase I1 was surprisingly resistant to urea, guanidine hydrochloride and SDS. Higher concentrations of urea would, however, denature proteinase I1 (Fig. 2) but it was clear that it was markedly less sensitive than proteinase I to denaturant.
DISCUSSION
When A. nidulans was grown on minimal medium with nitrate as the sole source of nitrogen, three proteinases active at neutral pH were detected in mycelial extracts (Ansari & Stevens, 1983) . Additional proteinases were detected when alternative sources of nitrogen were used (Cohen, 1973) . We have now purified the two principal proteinases (I and II), which had the characteristics of serine proteinases, being inhibited by PMSF and DFP. However they differed markedly from trypsin or chymotrypsin; neither enzyme showed detectable activity against either benzoylarginine-p-nitroanilide or benzoyltyrosine-p-nitroanilide. They did show considerable esterase activity, proteinase I having a preference for esters of aromatic acids. They also differed from trypsin and chymotrypsin in being insensitive to TLCK, TPCK, benzamidine and p-aminobenzamidine (Geratz, 1969) . Two serine proteinases have also been described in A. nidulans by Campbell & Peberdy (1979) and these may correspond to proteinases I and 11. One had a slightly different pH optimum, but since it was assayed with a different substrate this may account for the difference.
The molecular weights and isoelectric points of proteinases I and I1 were similar to those of other serine proteinases found in fungi (North, 1982) . Proteinase I was sensitive to inhibition by mercurials and in this respect resembled proteinase B of yeast which also has both a serine residue and a thiol group required for activity (Kominami et al., 1981) . Although proteinase I1 showed only a single band both on PAGE and isoelectric focusing, the proteinase I peak had a small shoulder on PAGE. This could have been due to autolysis during isolation or inhibitor binding to proteinase I. A similar phenomenon was observed with yeast proteinase B (Kominami et al., 1981) and there are similarities between the yeast and Aspergillus proteinase systems, e.g. the presence of inhibitors (Ansari & Stevens, 1983; Biinning & Holzer, 1979) and vacuolar location of the enzymes (L. Stevens, unpublished observations) .
Apart from the differences in sensitivity to mercurials the most pronounced differences in proteinases I and I1 were their susceptibility to denaturation by urea, guanidine hydrochloride
